Q2Tree — Tutorial # 1 —

TUTORIAL 1

test case Itestl 2017.grd

The first case described in the companion pap&280-km long river discretised in 100, 2-km
long stretches.These geometrical features of thid BEe automatically specified in the header of
the input *.grd file that is read by the program

ncol s 1

nr ows 100

x| | cor ner 1000000. 00
yl | cor ner 1000000. 00
cell size 2000

NODATA value -9
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Run the Q2T program by clicking on tR2T.exdcon.

Select command In/Out: the following panel appears
ﬁ 02 Tree —MﬂdEl-'Eﬂr Space—[jism-butﬂd ASE?-_;,__HIB:{ of River Wate;[}?n@
|In/Qut | Drainage Networks Local Data  WaterQuality Computations

1  Selec and Visualize DEM I

Using command 1 above, select the fidstl 2017.grdUpon selection, a panel shows up where the
magnification ratio for the DEM visualization oretscreen can be selected. The default value is 3
but this value should be better changed on thesldishe actual dimension of the DEM.

Magnification ratic. SHOW DEM

In our case the DEM is made up of 100 rows andldnao. This dimension is also reported in the
“List of Tasks” panel, where each operation donéh®yprogram is recorded

ﬁ' List of tasks -

|
DEM SELECTIOM: the DEM has been zelected; program ready for DEM vizualization
DEM READIMNG: Selected file C:A\IZThinest]_200 7. ard; color palette on file palette. dtm
DEM READIMG: DEM dimensions: 100 rows, 1 columnz

In order to choose a value, one can consider ligadlimension of the window where the DEM is
shown, is given by the number of rows and columefDEM, scaled with the magnification ratio,
that is a real number > 0. For instance, a 4002BM with a 0.5 magnification ratio occupies a
200x200 dots window.

Accordingly, in order to make the DEM visible orethcreen, we select a magnification ratio = 10
and then we select the SHOW DEM button. The Wagetdfisualizer panel below will show up on
the screen, where the DEM (in this case a lineeti§xis represented with color scaling from brown
(highest elevation in the watershed) down to blaeést elevation). The actual local elevation can
be known by using the Local Data , Info_xyz comnsgrahd this option will be explored in the
second Tutorial.
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Magnification ratio: 4 SHOW DEM

r
# DEM visualization (= | B

m

Now select the Command Dralnage Networks

#y Q2 Tree -Model for Space-Distributed A -
In/Cut Dramage Metworks | Local Data  WaterQuality Computations

1 Compute SFDN and CN
2 Show CH

Here select command 1: Compute SFDN and CN.
The panel will appear

ﬁ 02 Tree -Model for Space—[}istribufed Assessment of River Water Quality -
InfOut Drainage Networks  Local Data  WaterQuality Computations

[ Constant Thieshold Area ]

[ Thieshiold Area wariable with local slope ]

On the basis of this choice, the CN will be obtdibg the automatically computed SFDN using
either a constant Threshold Area or a ThresholdAmat changes with the local slope. Let us select
the first option, and insert O as threshold area



Q2Tree — Tutorial # 1 —

ﬁ 02 Tree -Maodel for Space-DistriEuted .&-ssessment-;:;f River 'H'ii'ater Q-uai.i.t.}r -
Inf/Out Drainage Metworks Local Data  WaterQuality Computations

| Constant Threshold Area | Threshold Area [Kma] g | COMFIRM

| Thrashold Area vanable with local slope ]

On the basis of this choice the CN will coincidehathe SFDN. Press CONFIRM

Now select the Command Drainage Networks
g Q2 Tree -Model for'SEaacE_—Distﬁhuﬁ&ﬁGmmﬁ: of River Water Quality -
In/Out [ Drainage Metworks | Local Data  WaterQuality Computations
| 1 Compute SFDN and CN '
7 Show CN

Here select command 2: Show CN.
The panel will appear

ﬁ 2 Tree -Model for Space—DistriEuted .-’-‘n..ssessment-;:;f River 'H'hi'ater {iuai.i.t._',,r -
In/Cut Drainage Metworks  Local Data  WaterQuality Computations

Show CN aceording to Harton ratio: 1 Calar 4 Thickness | SHOW CM

By this command the CN can be shown, filtered atiogrto Horton’s ratio. Simply press SHOW
CN and the CN will appear as a red line superimpasethe DEM. Please note that if a too small
value of the Magnification Ratio has been seledteelthin red line of the CN that is superimposed
to the DEM can be hardly noticeable. The outlahefwatershed is always marked by a red cell.

Another Button (Activate Reading of Drained Areall appear too but it is of little use in this test
case and we’ll consider it later in test case 3hs stage both the SFDN and CN have been
computed.

ﬂ Q2 _Tree -Model for Space-Distributed Assessment of River Water Quality -

InfOut © Drainage Networks: Local Data  WaterQuality Computations

Show CH according to Horton ratio: 1 Color 1 Thickness 1 [GHOWEN| [ Activate isading of diained arza |
' -‘
g DEM visualization | e | X

&

m

Now it is time to go to the Water quality Model.|&# the Command Water Quality Computations
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Read Pollutants file

Generate default file of parameters
Compute Water Quality
Output variables selection

I L

Show graph

Select Command 1 to read the user-defined lisbbéifant sources and water diversions. Here séhectile
Testl_2017.inp. This file is an unformatted AS@# that contains the following information:

r ¢ Q_immission T Ci_immi=1..5 Q_diversion
2 1 6.0000 20.0 2.00 0.2 0.1 1 10.00 0
17 1 1.0000 20.0 40.00 .002 16.0 0.0 2 0

The meaning of this file can be easily understopddimparison with the pollutant loads summarized in
Table 3 of the Companion paper.

When this file is read, immission or withdrawal qisi are marked along the CN with yellow points. For
instance, the two pollutant immissions of this teste are marked as shown in the panel below.

Now Select Command 2: Generate Default File of fAatars. This command generates the list of
parameters used by the solver. Initially all thibsscare blank and the mask looks like the following
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ﬂ Model Parameters/Qutput Variables

Parameters used by the model

[ Select default values ]

Cross section properties

delta

epsilon

min. Manning [m(-1/3)s]

max. Manning [m{-1/3)s]

min, bed slope [mfm]

Properties of distributed inflow
T of water at highest elevation [5C]

T of water at watershed outlet [5C]
Unitary contribution [m3/s/kmz]
Background concentration of dissolved oxygen
[]100% =at. at T Const. [mgO24]
Background concentration of pollutants
CBOD [mgD2i]

Organic Mitrogen [magM/L}

Ammonia Mitrogen [mgh/L]

Mitrate Mitrogen [mghl/L]

Chemical balances

[ Oxygen saturation as a function of T and P Oz [mgoz] 10

[ variable Reaeration coeffident (0'Connors) Reaeration coeff. 0

kscdn [mgC/L] rcn

ksodn [maoC/L] ron

ksd [moO2/] roc

ksn [maQ2jL] woc

kdn [a/m3] von

kh {1/d] K diff Methane

kd [1/d] 02 crit, for anoxia [mgO2ZL]

kn [1/d] reaction vel. methane oxidation
reaction vel. for ammonia oxid.

Energy balance

["] detailed Energy balance

Tofar athighest elevation [7C] T of air at wat. outlet [*C]

latitude []

Cloud Cover
compute SW | Short W rad. [W/mZ2]
Pollution Index

Julian day

Relative humidity [36] wind velodty [m/s]

Confirm parameters

Write WQP file

Press Select Default Values and the default vdbresll the parameters will be loaded as in théofeing

panel.
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ﬂ Maodel Parameters/Output Variables b | =]
F
Parameters used by the model Chanicl babaices
o e e
| Select default values [] oxygen saturation as a function of T and P Os [mgoz]  10.000C
Cross section properties [ variable Reaeration coeffident {(O'Connors) Reaeration coeff, 0
.
i i

F:IEH::\ 20 ‘ { kscdn [maCA]  0.10 ron 2.857000 A

epsilon ] ksodn [mgC L] 0,60 ron 4, 570000
ifmin. Manning [m{-1/3)<] 0,040 ‘ ksd [mgO2ZA]  0.60 roc  2,670000
|_max. Manning [m{-1/3)s] 0.040 ) | ksn[mgOZA]  0.60 voc  0.250000

tae Bt e o) 0.000100 kdn [a/m3] 0.500000 von 0.250000 i

Properties of distributed inflow kh [1/d] 1.000000 K. diff Methane 0.001330

T of water at highest elevation [°C] 20 kd [1/d] 1.000000 02 git. for anoxia [mgO2 L] 0.001000

T of water at watershed outiet '] 20 kn [1/d] 1.500000 reaction vel. methane oxidation 5 c2eqqp

reaction vel, for ammonia oxid,

Unitary contribution [m3/s/kmz2] 0 g 0.837000 [
Background concentration of dissolved oxygen _E"E"g? balance

[T]100%% sat. 5t T Const. [mgO24]  0.0000 ' [T] detailed Energy balance

Background concentration of pollutants Tofar athighest elevation [°C] ID.DIE T of air at wat. outlet [3Z] 23.00

CEOD [mg02iL] 0.0000 |atitude [9]

Organic Nitrogen  [mgh,L] 0.0000 Cloud Cover

compute SW | Short W rad, [W/m2] 150,00

Ammonia Mitrogen [mghd/L] 0.0000 Pollution Index

Mitrate Mitrogen [mgh/L] 0.0000 Julian day
e -

Relative humidity [3:] 50,000 wind velodty [m/s] 3.000000
o N
Confirm parameters Write WQP file

-

The red line above encircles the parameters fotralting the river width as a function of the
drained area (eq. 2 of the paper), whereas then direis related to the variation of the Manning’s
coefficient as a function of the drained area.né selects the same value for the minimum and the
maximum, the Manning’s coefficient does not varjrieTsame is true for the temperature of the
local contribution from the groundwater, whose &Bon is controlled by the minimum and
maximum within the yellow line.

In the first test case described in the paperyithe has a rectangular cross section, with constan
width B (20 m) and Manning's coefficient(0.04 nT3s). The water temperature is fixed at 20 °C.
Accordingly none of the default values has to benged

The pink line encompass the unitary flow contribntirom the watershed. In this test case it will be
zero. The grey line is related to quantities asgedi to the unitary flow contribution g from the
groundwater of the watershed. In this case q istsetero and accordingly nothing has to be
specified here. Otherwise, one can select whetheicontribution must be oxygen saturated or not,
according to local temperature and altitude. Thenpossible to associate a pollutants load to q.
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The blue line encompasses the value for all thenated parameters. Their value will not be
changed in the following.

As one can observe within the black line, the user select both a variable reareation coefficient
and a variable oxygen pressure saturation, asaidmnof T and atmospheric pressure. These two
options can be activated by selecting the checkbotheir left. Otherwise, if constant values are
selected throughout the CN, these can be speafieithe right. In this test case a constant oxygen
saturation concentration Os =9.092 mkOis selected (so, do not check the corresponding
checkbox on the left but select 9.092 on the right] a variable reaeration coefficient is computed
for each cell with the O'Connor-Dobbins formulaédck the checkbox on the left). Accordingly,
that part of the panel should be modified as foow

Chemical balances
Oxygen saturation as a function of Tand P Os [mgo2] 9.092

| Variable Reairation coeffident {0'Connors) Reaeration coeff. 0

Finally, the brown line encompass parameters anidrogpassociated to the energy balance (more
specifically, heat flux terms of Eq.(10) of the quemion paper). If no parameter is selected and the
option “Detailed Energy Balance” is left unselectasl required in this case, the river water

temperature is optained from Eq. (9) setting t@zke heat flux terms. Accordingly, in such a case
the steady state temperature is simply a dischasgghed temperature in the river.

After introducing this modification, the user caegs the Confirm Parameters and then the Write
WQP file. At this point the WQP file that is onetbk output of the program is written on disk and
the mask is automatically closed.

Confirm parameters

Write WQP file

Now it is time to run the Solver. Select the Conepitater Quality command 3 below
9‘ Q2 Tree Mudel far SpacE—DLstnbutEi Assessment of River Water il....--' '

In/Cut  Drainage Metworks  Local Data | WaterQuality Computations

Read Pollutants file

bt ok

Generate default file of pararneters
Compute Water Quality

Output variables selection

4

Show graph

Upon selecting this command, the set of equatioms@ved moving according to the post-order
algorithm along the CN. In order to show the pregren of the computation, a DOS window is
opened where for each cell the vector of solutieirs 1..6 along with the corresponding value of
the balanced functions is shown. When the “Endoofigutations” line appears at the bottom, the
solver has come to the end and the results arg tedze written on disk.
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) CAQ2T\Q2T.exe

B .8080R5 53
—8.800a0RRE2 2

B.8606185% ©.681348 6.08685554 4.71717? 7.0175684 0.6882124

A.808147578
—8.080A73861
—8.08001 4551

B.808007682
—8.080083 484
—8.80HARAE% 2

B.8605%663 ©.081232 6.0685078 4.717738 2.82332% 0.801744

—8.A80313873
B.008163687
H.8080318684

—8.080820784
A.808017334

—8.0800a02 42

B.805%184 ©.681125 6O.804665% 4.718249 ?.8287V13 8.081778

B.860821126%7
—8.888187769
—8.080824347

B.808024478
—8.0800A76 71

End of computations

E=nrcy <N

Now select the Output Variables Selection commabdldw

ﬁ 02 Tree -Model far Space-ﬁfﬁﬁbuté& Lzsessment of River Water Quafiﬂ._r- - ‘

Inf/Cut Drainage Networks Local Data [WaterQuaIit}r Cu:lmputatiuns-]

B bl b

Read Pollutants file

Generate default file of parameters
Compute Water Quality

Output variables selection

Show graph

The panel below will show up. The idea behind gasel is that of selecting a point along the CN
and printing on disk the computed quantities frowat point downward as far as the outlet. In
particular, by selecting each check box the usercaatomise the variables to print as well as can
activate the writing of the MATLAB output file desiged in the user manual.
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Parameters to write on file

[ Select al

[7] distance from outlet
[7] discharge

[T drained area

[ elevation

[ bed slope

[ bed width

[CIKs

D river temperature

[ Mormal depth

[ Marmal velocity

[T bed shear stress

[7] Re-areation coeffidient

[7] oxygen saturation

Variables to write on file

Select all l

[ carbonacecus BOD
[ oroanic nitrogen
[ Ammonia nitroger
D Mitrate nitrogen

["] Dissolved oxygen

[T]soo

Additional cutput file

[TImMaTLAB output £

In the following we will “Select all” the variables

- Maodel Parameters/Output Vanables
prtis 0 ;

- e

Select starting point on CM and extract variables

Bl T

Parameters to write on file

| Select al

[¥] distance from outlet
[¥] discharge

[¥] drained area

[7] elevation

[¥] bed slope

[¥] bed width

[¥lks

Ei river temperature

[¥] Marmal depth

[7] Marmal velodity

[¥] bed shear sirezs

[7] Re-areation coefficent

[¥] oxygen saturation

Variables to write on file

Select al |

[7] carbonaceous BOD
[¥] organic nitrogen
|E| Armmonia nitrogei
@ Mitrate nitrogen

[¥] Dissolved oxygen
[¥]s0n

Additional output file

[V MATLAE output £

Select starting point on CN and extract variables
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and we will press the “Select Starting Point on Cblitton. By doing this the panel will
automatically close and it will be possible to stlthe starting point on the CN in the “DEM
visualization” panel. In order to do this, the udais to click with the left key of the mouse in
correspondence of a node on the visualised outlindtne CN. When the selected point as been
recognised as being part of the CN, a blue squaoesup on the CN and a beep is heard.

ﬁ DEM visualization

Moreover, a message appears in the “List of Tapksel (see last message encircled in red below)
documenting that a file testl_2017 + 1_1.out leenlwritten on file, where 1_1 means starting
from the cell whose row is 1 and column is 1 in EieM.

ﬁ List of Tasks
—— | o——]

DEM SELECTIOM: the DEM haz been zelected; prograrm ready for DEM wisualization
DERM READIMNG: Selected file C:AEZT Minttest 20017 ard; color palette on file palette. dtm
DERM READIMG: DEM dimensions: 100 rows, 1 columnz

OUTLET SEARCH: watershied outlet found at location row: 100 col.: 1

OUTLET SEARCH: elevation of found watershed outlet; 24,330 [m]

COMPUTIMG SFOM: computing steepest gradient directions. .

COMPUTIMG SFDM: firzt topologic file [*.7=f]...

COMPUTING SFOM: writing local slopes [*.¢lp, =.ard]...

COMPUTIMG SFDM: writing averaged local slopes [*.rad; *.grd]...

COMPUTIMG SFDM: writing zecond topalagic file [7.2:f)

COMPUTING CH: Horton ardering of CH...

COMPUTIMG CM: writing topologic files for the CW (2. 7dr, = 2dr)...

I: .

put of Pollutant Loads from file: C:ALET Snbtest] _201 7 inp

WATER QUALITY MODEL: file of parameters [*\WOEP] has been wiitken. .
WO MODULE: Parameters have been loaded from *wgp file into the CH...
W MODULE: Wariables have been computed...

WATER QLIALITY': writing resulks an file...

W MODULE: CM explored starting from cell [r.c]: 1.1

NE! FODULE: Data written an file c\D2T houthkest] 201777, out

Eventually, by selecting the Show Graph 5 below
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ﬁ Q2 Tree “Model for Space-ﬁistﬁbuted Azsessment of River Water Quality - -

Inf/Cut Drainage Networks Local Data WaterQuaIit}rCDmputatiﬂns]

Read Pollutants file

Compute Water Quality

Output variables selection

I L

Show graph

the space pattern of the computed variables is slamAelow

Generate default file of parameters

#),800 and DO =|E1| % |[igs mitrogen compounds =B | % [ g Discharge and Elevation [E=AHC > |
km 20273 BOD 576 -km 23.05 Organic MNitrogen 1.83 km 46862 19.8
16 - : T T T -
ST- 1.4 50-
o _ ¥z i
S B 1
LY Sus 35
T RS R SR R RN R et SRy EERS s 30
02
& 2541

o T T T T T T T T T
00 200 400 G600 8OO 1000 1200 1400 1600 1800

00 200 400 BO0 800 1000 1200 1400 1600 1800

00 200 400 600 500 100.0 12000 1400 1600 180.0

Conc. [ma]
o I T S

T T T T T T T T T
o0 200 400 600 800 1000 1200 1400 1600 1800

km 1564500 1.08

Do km 189.73, Ammonia Mitrogen 1.88 . kmd3.17 Q217
5 i
§m1.5- —
E & 4
E:
E e
“ 2
0.5
I
o o +

00 200 400 600 500 1000 1200 1400 1600 180.0

km 203 .91 -Nitrate MNitragen 1.14

T T T T T T T T
00 200 400 6500 800 1000 1200 1400 1600 1800

-km 24027 5.68

distance [km]

20

12f 4.i o
1 35, 16
05 5 ai- 14 -
| £ Ess 512
o bE 875 210
o 5 o

D4 215

0z - Vi
05- ; 4

0 , et e e 0 —_— —— T
00 200 400 600 800 1000 120.0 1400 1600 1800 00 200 400 600 B0.0 1000 1200 1400 1600 180.0 o

distance [km]

T u u T T T T T T
00 200 400 600 GO0 1000 1200 1400 1600 160.0

Finally, in order to quit the program, click on tivlite cross at the upper right corner of the DOS

panel.

) CA\Q2T\Q2T.exe

: B.888885583
:—8.80808082 2

A.A86185 BA.081348

47578
3861
4551
682
484
@52

5663 B.801232

8.885554

8.885878

4.717172 7.8175684 B6.6002124

4.717738 9.823329 06.001944




